ABSTRACT Three White Leghorn strains, their twoway crosses, and two commercial lines were used to evaluate the effects of aging on heterosis (H), reciprocal effects, and additive (A), Z-chromosome (Z), and heterotic effects and their variances on egg quality traits during the first laying cycle. Egg weight (EW), specific gravity (SG), Haugh unit (HU), and albumen height (AH) were measured at 240, 350, and 450 d of age from hens housed one per cage in a randomized block design. The mean heterosis was significant over time only for EW. For EW, heterosis increased in magnitude with age. The mean heterosis for both HU and AH was also influenced by age.
INTRODUCTION
One of the reasons why producers keep their laying hens for only one cycle of production is because most traits deteriorate with advancing age. Liljedahl et al. (1984) observed such a decline in most of the traits that were evaluated in layers, with the exception of egg weight (EW), which increased with age. Egg weight is an expression of total egg size, and optimum egg size varies according to the market in different countries (Gowe and Fairfull, 1995) .
One of the most important egg quality traits to be considered in a poultry breeding program is shell strength. According to Grunder et al. (1989) , specific gravity (SG) is eggshell strength as it relates to resistance to breakage and is relatively simple to measure (Gowe and Fairfull, Present address: Embrapa Suinos e Aves, 89700-000 -Concordia, SC, Brazil. 3 To whom correspondence should be addressed: imcmilla@ uoguelph.ca.
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Reciprocal effects were significant, on average, across periods for all traits and were influenced by age. The agerelated changes in additive, Z-chromosome, and heterotic effects varied significantly among strains, indicating differences by genetic group in response to aging for egg quality traits. The heterotic, environmental, and phenotypic variances increased with age for all traits, except for AH. The additive and Z-chromosome variances did not always increase with age. Their age trend varied, depending on the trait. Heritabilities decreased with advancing age, suggesting that selection to improve lifetime performance of egg quality traits can be done early in the cycle. 1995). Albumen height (AH) and Haugh units (HU) are traits used to evaluate albumen quality, which also deteriorates with age (Liljedahl et al., 1984) .
One of the mechanisms to counteract the decline of fitness traits with age is heterosis , and it is very pronounced for egg production. However, most egg quality traits have little or no heterosis (Fairfull and Gowe, 1986; Fairfull et al., 1987) , and in most crosses, the reciprocal effects of these traits are as large or larger than the heterotic effects (Fairfull, 1990) .
In order to improve the lifetime performance of layers, some basic knowledge is needed to better understand changes due to aging. A study on genetic effects of aging on egg production and egg quality traits on a withinstrain basis showed that the additive genetic and environmental variance increased significantly with age (Liljedahl et al., 1984) . The increases in additive variances were smaller for egg quality traits than for egg production. Also, nonadditive genetic and maternal variance components seemed to play a minor role in egg quality traits. However, the results from the Liljedahl et al. (1984) study were obtained under the assumption of negligible sex-linked effects. Although genetic and environmental variation for some fitness and egg quality traits have been studied in layers, more has to be done regarding egg quality traits, particularly on the influence of sex-linked effects. More knowledge of the genetic effects of aging and their variation during the first laying cycle and especially during later cycles are needed to set up breeding programs to improve lifetime performance of laying hens of different genetic origins.
The objectives of the current study were 1) to compare performance of pure strains, crosses, and commercial lines for egg quality traits during the first laying cycle, 2) to estimate mean heterosis, reciprocal effects, strain genetic effects (additive, Z-chromosome, and heterosis) and their variances, and heritabilities in three different periods of the first laying cycle, and 3) to evaluate changes in these parameters with age during the first laying cycle.
MATERIALS AND METHODS

Birds and Housing
Three parental pure-strains from the poultry industry, designated as one, two, and three, were used in a factorial mating plan to produce nine different genetic groups: three pure-strains and three pairs of reciprocal crosses. White Leghorn chicks were produced from pedigree matings using 16 sires and 3 dams per sire (48 dams) for each strain and strain cross. In addition, two commercial lines (CL 1 and CL 2 ) were included in this experiment. At about 133 d, the hens were housed one per cage in a two-tier, stair-step cage system in a randomized block design. Each genetic group (strain, strain cross, or commercial) was randomly assigned within each of the 16 cage rows representing complete blocks. More detail on animals and housing in this experiment are described in Ledur et al. (2000a) .
Egg Quality Traits
Egg weight, SG, HU, and AH for the three strains, six two-way crosses, and two commercial lines were measured at 240, 350, and 450 d of age during the first laying cycle. Eggs from approximately 186 hens from each genetic group were evaluated. The eggs were collected for 3 consecutive days, and the mean of each hen was used as the observation for each period. A total of 1,838 observations were used in the analysis of EW, 1,837 for SG, and 1,834 for both HU and AH.
Specific gravity was measured by the flotation method (Voisey and Hamilton, 1977) , starting with densities of 1.062 and finishing with 1.102, with an increment of 0.004 among them. The eggs were then weighed with a digital scaler, broken, and the albumen height was measured with a digital micrometer. Haugh unit (albumen height corrected for egg weight) was calculated by the formula: HU = log (AH + 7.57 − 1.7 EW 0.37 ), according to Haugh (1937) . 
Statistical Analyses
The homogeneity of variances among genetic groups for the evaluated traits were tested at the level of 1% of significance, using Bartlett's test. Normality of the residuals were tested using the Shapiro-Wilk statistic from the Univariate procedure of SAS (SAS Institute, 1989) . Repeated measure analyses from the general linear models procedure of SAS software were carried out for all egg quality traits. For details of the statistical analyses, see Ledur et al. (2000a) . Only a brief description of the methods applied in the present study is given here.
Two models were used to analyze the data. One had block and genetic group effects, and the other had the strain additive genetic effect (A), strain Z-chromosome effect (Z), and heterosis (H) to explain differences between genetic groups. In the second model, the effects were estimated using information on the three strains and their two-way crosses in a regression model. Variances of the genetic effects were estimated according to Henderson's Method 3 (Henderson, 1953) , and heritabilities (h 2 ) were calculated using the appropriate variance components:
RESULTS AND DISCUSSION
Performance Means
The number of observations per genetic group used to analyze each egg quality trait are shown in Table 1 . The estimated means of EW, SG, HU, and AH in each period are presented in Table 2 for each genetic group, and the results for the contrasts used to compare the genetic groups are given in Tables 3, 4 , 5, and 6, respectively.
The genetic group and age effects were highly significant over time for all egg quality traits. The means of the egg quality traits were similar to those found in the literature. The mean performance of the egg quality traits declined with advancing age, with the exception of EW, Standard errors for egg weight means ranged from 0.3 to 0.4; those for specific gravity and Haugh units ranged from 0.3 to 0.5 and for albumen height from 0.06 to 0.07. which increased with age (Table 2 ). In general, SG, HU, and AH decreased with advancing age, being steeper in decline from 350 to 450 d, and EW increased with age, being steeper from 240 to 350 d. However, this age trend varied depending on the genetic group (Table 2) .
Differences among strains were significant over time for all egg quality traits and were influenced by age, with the exception of EW, where these differences were constant across the cycle (Table 3) . For SG, differences between Strains 2 and 3 increased linearly with age (Table  4) . For HU and AH, differences between Strains 2 and 3 decreased linearly with age, while differences between Strain 1 and the average of Strains 2 and 3 increased in a linear fashion (Tables 5 and 6 ).
The commercial lines differed significantly across the cycle only for HU and AH. However, age had an important effect on differences in EW, changing in a linear fashion, and in SG and HU, showing a linear increase with age (Tables 3, 4 , 5, and 6).
Mean Heterosis and Reciprocal Effects
The mean heterosis for EW was significant over time and increased curvilinearly with age ( Figure 1 ). The mean heterosis for the other egg quality traits were not significant across periods, but were influenced by age, with the exception of SG. Changes in mean heterosis for AH and HU were linear and quadratic, respectively, increasing negatively in magnitude for HU (Figure 1 ). Perhaps the results are due to the HU formula, which may not be appropriate for older hens. Silversides et al. (1993) reported that the HU formula is not adequate to compare albumen quality of hens from different ages. According to Fairfull and Gowe (1986) , egg quality traits show little or no heterosis. Fairfull et al. (1987) found significant heterosis for EW but not for SG and HU. However, the role of heterosis in modifying the effects of aging in egg quality traits has not been studied in chickens. Increase in mean heterosis with age was reported by Ledur et al. (2000a,b) for fitness traits of the same birds used in the present study. Current results showed an increase in magnitude of mean heterosis for EW in the first laying cycle. Heterosis helps in maintaining performance of fitness traits (Ledur et al., 2000a,b) , which deteriorate with age, and also contributes to the increase in EW with advancing age. −0.81 ± 0.5 −1.90 ± 0.5** −2.18 ± 0.6** 2 vs. 3 2.34 ± 0.5** 0.81 ± 0.5 −0.23 ± 0.6 12 vs. 21
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Differences in reciprocal crosses involving Strains 1 and 2 were significant for all traits across periods, except for EW (Table 3) . Reciprocal effects involving crosses between Strains 1 and 3 were significant only for SG over time, and those involving Strains 2 and 3 were significant for EW, HU, and AH (Tables 3, 5, and 6). Reciprocal differences for egg quality traits were also reported by Fairfull and Gowe (1986) , who found these differences were low in magnitude, but more important than heterosis for egg quality traits. Reciprocal effects were influenced significantly by age. For EW, the slopes of the differences between Reciprocals 12 and 21 and 13 and 31 changed in a linear fashion across periods. For SG, the difference between Cross 13 and its Reciprocal 31 decreased in a linear fashion across ages, and for HU and AH, the difference between Crosses 23 and 32 increased linearly with age. On average, reciprocal effects did not show a consistent trend with age, depending on the cross and on the trait considered.
Genetic Effects
The additive, Z-chromosome, and heterotic effects estimated for the three strains and their two-way crosses in three different periods of the first laying cycle are pre-FIGURE 1. Mean heterosis estimated for egg weight (EW), specific gravity (SG), Haugh units (HU), and albumen height (AH) of six strain crosses during the first laying cycle. **P < 0.01. sented in Figures 2, 3 , 4, and 5, respectively, for EW, SG, HU, and AH. For EW, the additive genetic effects were highly significant across periods. Additive genetic effects of Strains 2 and 3 were higher than the additive effect of Strain 1 in all periods (Figure 2a ). This implies that Strains 2 and 3 had more emphasis on selection for EW than Strain 1. Differences between A 2 and A 1 did not change significantly across the cycle (Figure 2a) . However, differ- ences between A 3 and A 1 increased (P < 0.05) with age in a linear fashion.
Although Z-chromosome effects were not significant over time, age had an important influence on these effects. The Z 3 was higher than Z 1 at 240 d, and Z 2 was lower than Z 1 at 450 d (Figure 2b ). Differences between Z 2 and Z 1 increased from 350 to 450 d, and differences between Z 3 and Z 1 decreased (P < 0.01) linearly with age ( Figure 2b) . The results showed that the Z-chromosome effect of Strain 1 increased with age. Evidence of important sex-linked effects on EW was also reported by Hagger (1985) through analysis of reciprocal effects. However, the current study is the first one to demon- strate differences in expression of sex-linked genes on egg quality traits by distinct genetic groups in response to aging. This phenomenon, however, was first shown by Liljedahl et al. (1999) for egg production. The results suggest that the use of Strain 3 as a sire line would improve EW early in the laying cycle and also maintain good performance at the end of the cycle.
Heterotic effects on EW were highly significant in all periods, with the exception of H23, which was significantly different from zero only at 450 d (Figure 2c ; Table  7 ). Heterosis from crosses of Strains 2 and 3 was expected to be lower than heterosis involving crosses with Strain 1 because those strains have higher additive effects on EW than Strain 1. Therefore, they were genetically similar to each other in terms of the frequency of desirable genes for high EW in comparison with Strain 1. The heterotic effects changed with time for each cross ( Figure  2c ). The H 12 and H 13 increased at the end of the cycle, following a quadratic pattern (P < 0.01).
In summary, for EW Strain 3 had higher additive genetic effects during the first laying cycle, in addition to (Figure 3a ). The A 2 and A 3 were higher than A 1 , except at 450 d, where A 2 and A 1 did not differ significantly. The differences in additive genetic effects between Strains 2 and 1 decreased linearly (P < 0.01) with age ( Figure 3a) . The Z-chromosome effects were highly significant for SG in the first laying cycle. This indicates that differences in sex-linked effects were important to explain variation in SG among strains. The Z 1 was higher than Z 2 and Z 3 in all periods, and these differences decreased linearly with age ( Figure 3b ). Although the mean heterosis for SG was not significant across the cycle, heterotic effects of crosses involving Strains 1 and 3 were highly significant during the whole cycle ( Figure 3c ; Table 7 ). However, the only significant age trend of the heterotic effects was shown by H 23 , which increased linearly (P < 0.05) with age ( Figure 3c) .
The additive genetic effects of Strain 2 were higher (P < 0.01) than those of Strain 1 for HU and AH during the first laying cycle (Figures 4a and 5a ). The A 3 was also significantly higher than A 1 in the whole cycle for AH, but only at 350 and 450 d for HU. The difference between A 3 and A 1 increased linearly with age (P < 0.01) for both traits (Figures 4a and 5a) .
The Z-chromosome effects of Strain 2 were lower than those of Strain 1 (P < 0.01) for HU and AH along the whole cycle (Figures 4b and 5b) , indicating that Strain 2 should not be used as a sire line. Differences in Zchromosome effects did not show any significant trend with age for HU and AH.
The heterotic effects involving Strains 1 and 2 were significant over time for HU, and those involving Strains 2 and 3 were significant across periods for AH (Figures  4c and 5c ; Table 7 ). Negative H 12 and H 13 were significant for HU and AH at 450 d, and a positive H 23 was observed at 240 d (P < 0.01). A significant quadratic increase in magnitude of H 12 and H 13 , and a linear decrease in H 23 with age was observed for both albumen quality traits (Figures 4c and 5c ). The pattern of age changes in the genetic effects of egg quality traits considered in the current study varied by genetic group, showing that there are differences by genetic group in response to aging. This has been reported previously only for fitness traits such as egg production Ledur et al., 2000a) , viability , and fertility and hatchability (Ledur et al., 2000b) . For some of the egg quality traits, the differences in additive and Z-chromosome effects among strains either decreased with advancing age or did not show a consistent pattern. However, most of the heterotic effects increased in magnitude with age, indicating that, even for egg quality traits, heterosis was expressed at higher levels later in life, although not always with a positive effect.
The overall results for the A and Z effects for a fitness trait such as egg production are in agreement with those of Liljedahl et al. (1999) who found that the strain genetic correlation between the A and Z effects was significantly negative at all age stages of the first and second laying cycle. This indicates that the set of additive autosomal genes often responded with effects opposite to those expressed by the set of additive sex-linked genes.
Strain 3 had more desirable genes for all traits considered in this study. When this strain was used as a sire line and crossed with Strain 2, their progeny produced the best results for EW, HU, and AH (Table 2) . Although Cross 32 did not show the best SG throughout the cycle, it had good shell strength, which was similar to those observed for the commercial lines.
Variance Components and Heritabilities
The variance component estimates for EW, SG, HU, and AH in the different periods of the first laying cycle, using all genetic groups combined, are presented in Table 8. For EW, the additive, nonadditive, environmental, and phenotypic variances seemed to increase with age. The Z-chromosome variance decreased from 240 to 350 d, but increased at 450 d. Fairfull et al. (1999) reported an increase of the sex-linked variance with age for viability. The h 2 estimates for EW were similar to those found in the literature (Grunder et al., 1989; Besbes et al., 1992) and seemed to decrease during the first laying cycle. Reduction in h 2 of EW with age was also shown by Liljedahl et al. (1984) and Grunder et al. (1989) , but no significant trend was observed by Engstrom et al. (1992) when estimated within strain.
For SG, the environmental and phenotypic variances increased with age, while the additive and the Z-chromosome variances seemed to decrease along the first laying cycle (Table 8 ). The nonadditive variance seemed to increase from 240 to 350 d. For HU, all variances showed an increase with age, except for the additive variance that seemed to decrease from 240 to 350 d, increasing again at 450 d. The variances estimated for AH did not show a consistent trend, except for the additive variance that seemed to decrease with advancing age. Similar results regarding the trend of HU and AH phenotypic variances were observed by Nagai and Gowe (1969) .
The h 2 estimates for SG, HU, and AH were similar to those summarized by Gowe and Fairfull (1995) , and seemed to decrease with advancing age, with the exception of AH that did not change along the cycle. Reductions in h 2 estimates with age were also found by Liljedahl et al. (1984) for almost all the traits they studied and by Grunder et al. (1989) for SG.
Besides the additive genetic effects, the sex-linked effects reported herein were also of great importance in explaining variation on egg quality traits, among different genetic groups, during the first laying cycle. The additive and Z-chromosome variances did not always increase with age (Table 8) . Their age trend varied, depending on the trait. However, the nonadditive, environmental, and phenotypic variances increased with age for all traits, with the exception of AH, which did not show a consistent trend. Liljedahl et al. (1984) found that genetic (additive, nonadditive, or sex-linked) and environmental variation on egg quality traits are expressed to a higher degree as the birds grow older. However, Engstrom et al. (1992) did not find any trend on additive and environmental variances with age for egg weight. The present report concentrates on the effects of Z-chromosome and their changes in variance with age on egg quality traits, as well as changes in the additive and nonadditive genetic effects. In general, genetic variance increased with age. However, the relative increase of the variances obtained for the egg quality traits were small when compared with the increase observed for the fitness traits examined by Ledur et al. (2000a,b) . The Z-chromosome variance contributed to the increase in genetic variance only for EW and HU. For EW, the increase in additive variance from 350 to 450 d was smaller than the one from 240 to 350 d (Table  8) , and it seems not worth waiting until the end of the cycle to make use of this small increase in additive variance, unless a strain has been already kept for selection at older ages to improve lifetime performance of fitness traits. As EW is a trait that increases with age, selection at older ages would not be as advantageous as it would be for a trait that deteriorates with advancing age. If the increase in EW becomes a problem at the end the cycle, emphasis should be given to select strains with large early EW (240 d), and restriction should be made to an optimum EW after the peak (350 d). These comments have been made based on information from the first laying cycle. However, the knowledge of age-related changes in genetic parameters in subsequent cycles is needed to have a more precise conclusion in terms of lifetime performance. Differences in additive genetic effects were the most important source of variation on EW in the present study, and h 2 estimates were quite high throughout the cycle. Although heterosis increased with age, its use to improve EW is not as important as it is for improvement of traits with low h 2 , such as fitness traits. Therefore, selection for EW could be made by evaluating the genetic material in the first two periods and choosing the strain with best opportunity for improvement, based on variation of the effects reported.
Although the other egg quality traits decreased with advancing age, the results indicate that selection at older ages would not be advantageous to improve or maintain satisfactory levels of these traits later in the cycle. This is because, in general, the additive and sex-linked variances decreased with age for these traits, as well as their h 2 , that were quite high at 240 d. The nonadditive variance increased with age, but for HU and AH, the heterotic effects were negative. So, similar to what was recommended for EW, to keep SG, HU, and AH at good levels during the first laying cycle, selection could be performed after the peak of production, choosing the strains with higher additive genetic effects in this period.
